To estimate the association between an Apgar score of less than 7 at 5 minutes after birth and long-term cognitive function.
RESULTS:
The study included 877,618 individuals in the analysis. Newborns with Apgar scores less than 7 at 5 minutes after birth showed a significantly increased risk of never receiving graduation grades, presumably because they went to special schools because of cognitive impairment or other special educational needs (odds ratio 1.93, 95% confidence interval 1.75-2.14). One out of 44 newborns (numbers needed to harm) with an Apgar score of less than 7 at 5 minutes after birth will go to a special school because of the antenatal or perinatal factors that caused the low Apgar score. Nearly all school children who had Apgar scores of less than 7 at 5 minutes after birth showed an increased risk of graduating from compulsory school without graduation grades in that specific subject or receiving the lowest possible grades and were also less likely to receive the highest possible grade.
CONCLUSION: An Apgar score of less than 7 at 5 minutes after birth is associated with subtle cognitive impairment, as measured by academic achievement at 16 years of age. (Obstet Gynecol 2011; 118:201-8 
LEVEL OF EVIDENCE: II
T he Apgar score was introduced in 1952 to quickly evaluate the clinical status of newborns and is still routinely used in delivery wards worldwide. 1, 2 Although the predictive value of adverse neonatal outcome after a low Apgar score has been questioned, an Apgar score less than 7 at 5 minutes after birth has been associated with an increased risk for cerebral paresis, epilepsy, and mental retardation. [3] [4] [5] Recent studies also have shown an association between low 5-minute Apgar scores and reduced scoring on intelligence quotient tests in male draftees in Sweden and Denmark. 6, 7 Perinatal asphyxia is a major cause of neurologic sequelae in term newborns. 8 Most follow-up studies have focused on short-term severe neurological deficits such as mental retardation and cerebral paresis. 9, 10 The theory of a "continuum of reproductive casualty" implies that severe hypoxic events can cause death or obvious neurological deficit, but mild events might cause subtle defects in cognitive function that are only detectable as the child grows older. 11 Mild hypoxic events are more common than severe events and do not usually lead to obvious neurological dysfunction. However, these events could lead to more subtle cognitive impairment that could have a widespread effect on a larger population basis. 12 No well-defined definition of perinatal asphyxia exists, and the definition has evolved from a single indicator definition to a multiple indicator definition. 9 A low Apgar score has been considered a weak marker of asphyxia because of its low sensitivity and specificity, 8, 13 but few studies have addressed the long-term cognitive effects of a low Apgar score.
A good marker for neonatal outcome is essential for an efficient evaluation of obstetric care. In the absence of other good markers, the Apgar score is the most commonly used outcome to measure neonatal health after birth. However, the clinical relevance of a low Apgar score is questioned, and investigations with attempts to measure the effect of low Apgar scores on the long-term neurological outcome are needed. The aim of our study was to elucidate the sole effect of an Apgar score less than 7 at 5 minutes after birth and cognitive performance as adolescents, as measured by school graduation grades from compulsory school at 16 years of age.
MATERIALS AND METHODS
A linkage was performed between the Swedish Medical Birth Registry and the Swedish School Grade Registry. All singletons born between 1973 and 1986 after 36 6/7 weeks of gestation to Swedish-born women were included. All fathers were Swedish citizens, but country of birth was not obtainable. Fetuses that were stillborn and newborns who had congenital malformations or were small for gestational age were excluded in the analysis. All children who died or emigrated before 16 years of age were also excluded from the analysis. Emigration dates were available from public authority records. The study was approved by the Ethical Committee, University of Lund, Lund, Sweden.
The Medical Birth Registry contains medical information on 99% of all deliveries in Sweden. 14, 15 All women are offered free antenatal care. The Apgar scores were assigned by the midwife who is in charge of delivery or by a pediatrician when present. Standardized record forms are used at all antenatal clinics, all delivery units, and of all pediatric examinations of newborns. Information regarding maternal smoking is collected from interview forms from the first visit at the antenatal care clinic. Maternal smoking habits are available from 1983. Copies of these forms are sent to the National Board of Health, where they are computerized. The Medical Birth Registry was linked with Statistics Sweden to, among other things, obtain information on maternal parity, maternal country of birth, parental citizenship, and date of death.
Information regarding diagnosis was also extracted from the Medical Birth Registry. All Swedish women are offered a free routine ultrasound examination at 17-18 postmenstrual weeks to confirm fetal life, estimate the expected date of delivery, identify twin pregnancies, and to detect severe fetal malformations. Thus, information regarding gestational age used in the current study is mostly based on ultrasound estimates. Newborns with birth weights of more than 2 standard deviations below the expected weight for gestational age were classified as small for gestational age. 17 The Swedish school system during 1988 to 1997, henceforth referred to as period one, included school grades that were numerical on a five-level scale, with 1 as the lowest and 5 as the highest grade. The numerical school grades were comparative, meaning that for each year in each subject, the grades in the entire nation were expected to have a normal distribution, with 3 as the grand mean. The numerical grades were standardized using national standardized achievement tests in three subjects: mathematics, English, and Swedish.
From 1998 onward, henceforth referred to as period two, the grades were alphabetic, with four levels: not passed, passed, passed with distinction, and passed with excellence. The alphabetic grades are criterion-referenced, and the criterion for passed in each subject is thought to be possible for each pupil in the compulsory school (with special training if needed) to fulfill.
The children born between 1973 and 1981 received numerical grades, and the children born between 1982 and 1986 received alphabetical grades when they graduated from compulsory school.
The grades in chemistry, biology, and physics were recorded in each separate subject in some schools, and in some schools they were combined into one grade called natural sciences. If no composite grade in natural sciences was obtainable, then we used the mean grade of the separate subjects. The same procedure was used when estimating the grade in the composite subject social sciences, including geography, social science, history, and religion.
During period one, it was possible for the students to choose between a common or an advanced course in mathematics. During period two, all students completed the same mathematics course. A possible confounder influencing the results could be that adolescents who had low Apgar scores at birth would be more likely to choose the common course in mathematics rather than the advanced course. Therefore, results of low Apgar scores and school grades in mathematics are only from period two; during period one, we present only the odds of choosing common or advanced mathematics.
Children with mental retardation diagnosed do not enter the Swedish compulsory school. They are educated in special schools and their possible grades are not reported to the School Grade Registry. Children who are educated in special schools because of severe hearing or vision disabilities receive school grades, but these grades were not reported to the School Grade Registry during the study period. After excluding children who died or emigrated before 16 years of age, the assumption was made that children without graduation grades who were not enrolled in compulsory school went to a special school because of cognitive impairment. In Sweden it is possible to graduate with incomplete grades. If students "drop out" of 9 th grade, then they will still graduate, but without graduation grades. They cannot continue to high school. Adolescents who do not have prerequisites (because of intellectual disabilities) to attend high school are offered specially designed education. If students are admitted to a special school, then they will be discharged from compulsory school and are not found in the School Grade Registry.
The association between Apgar scores less than 7 at 5 minutes after birth and school achievement was evaluated using the Mantel-Haenszel (1959) procedure to produce a stratified odds ratio (OR). Approximate 95% confidence intervals (CIs) were calculated using the method proposed by Miettinen. 18 When specified, stratification was made for the year of birth (1-year interval), maternal age at delivery (classes: younger than 20, 20 -24, 25-29, 30 -34, 35-39, and 40 years or older), parity (previous children ϩ1), maternal smoking (not known, none, smoking less than10 cigarettes per day, smoking 10 or more cigarettes per day), and maternal final educational level at January 1, 2005 (not known, graduating from 9 years of compulsory school only, graduating from high school 2-year program, graduating from high school 3-year program, graduating from university 2-year program, graduating from university 3-year program, graduating from university 3-to 4-year program, graduating from university 5-year program or more). Information regarding maternal smoking is only available from 1983; therefore, it is not possible to adjust for smoking fully. Group one comprised children who went to special schools and therefore never received graduation grades. Group two comprised children who entered compulsory school but did not obtain any graduation grades, presumably because they dropped out of school or were not capable of achieving grades. Group three comprised children who entered compulsory school and obtained graduation grades (although not necessarily in all school subjects).
First, the association between Apgar score less than 7 at 5 minutes after birth and need of education in special school or leaving school without any graduation grades, respectively, were evaluated. Second, the level of the grades within group three was investigated. For that investigation, the grades were divided into class variables (for period one: lacking, 1, 2, 3, 4, or 5; for period two: lacking, not passed, passed, passed with distinction, or passed with excellence). The mentioned class variables were compared with most common level (3 or passed, respectively). The effect of maternal risk factors on the offspring's need for special school was evaluated by the ManzelHaenszel test and adjusted for year of child's birth, maternal age, parity, smoking, and educational level.
When comparing two adjusted ORs, two-tailed z tests were performed under the assumption of normal distribution of the log ORs. To detect a putative linear trend in stratified ORs along i one-step Apgar score strata, weighted linear regression analyses of the log (OR i ) were performed, in which each log (OR i ) was weighted according to precision (weight i ϭ1/variance of log(OR i ); Appendix).
RESULTS
After these exclusions, 877,618 individuals with available Apgar scores were included in the analysis (Fig.  1 shows exclusion criteria) . Maternal and fetal characteristics in relation to school graduation grades are shown in Table 1 ; 848,828 (96.7%) individuals graduated from compulsory school with graduation grades, 6,002 (0.7%) graduated from compulsory school without grades, and the remaining 22,788 (2.6%) went to special schools. Young maternal age, low or high parity, maternal smoking, and low educational level were all significant (PϽ10
Ϫ6
) risk factors for need of education in special schools. Furthermore, the risk of going to a special school was dependent of the child's birth year, with the risk increasing in children being born after 1984 (OR 1.15, 95% CI 1.10 -1.20). We interpret this as an effect of an increased inclination to admit students to special schools rather than substandard obstetric care.
Among the children in need of education in a special school, 910 (4%) had neonatal asphyxia diagnosed. The corresponding number for children educated in compulsory school and not receiving any graduation grades is 151 (2.5%). Among children who graduated with grades, 24,123 (2.8%) had neonatal asphyxia diagnosed. Table 2 shows neonatal and obstetric diagnosis in relation to school performance at 16 years of age. The association between neonatal asphyxia and need of education in a special school was highly statistically significant (OR 1.43, 95% CI 1.33-1.52). The association between the need for education in a special school and an Apgar score less than 7 at 5 minutes after birth was stronger than the association between the need of education in a special school after neonatal asphyxia was diagnosed (PϽ10 Ϫ6 ). Among children who had Apgar scores 0 -3 at 5 minutes after birth who also had neonatal asphyxia diagnosed, 80 were in need of education in a special school, seven graduated from compulsory school without grades, and 810 graduated with grades from compulsory school. The corresponding numbers for Apgar scores 4 -6 together with neonatal asphyxia diagnosed were 186, 26, and 3,546, respectively. Among children who had Apgar scores of 7-10 and neonatal asphyxia diagnosed, the corresponding numbers were 644, 118, and 19,776, respectively.
Newborns with Apgar scores less than 7 at 5 minutes after birth showed a significantly increased risk of never receiving graduation grades, presumably because they went to a special school because of cognitive impairment or other special educational needs (OR 1.93, 95% CI 1.75-2.14). The risk of needing education in a special school in relation to Apgar scores is shown in Table 3 and Table 4 . A significant linear relationship (PϽ10 Ϫ6 ) was found between increasing risk of needing education in a special school and each one-step decrease of the Apgar score. The strong association between Apgar score less than 7 at 5 minutes after birth and the need for special school is concordant with an estimate of numbers needed to harm of 44, meaning that 1 out of 44 newborns with an Apgar score less than 7 at 5 minutes will need education in a special school because of the antenatal or perinatal factors that caused the low Apgar score. The corresponding numbers needed to harm for Apgar scores 0 -3 or 4 -6 at 5 minutes after birth were 36 and 49, respectively.
Sixty-one individuals leaving compulsory school without any graduation grades in any subject had had Apgar scores less than 7 at 5 minutes after birth. Among newborns with Apgar scores less than 7 at 5 minutes after birth, the OR with 95% CI for graduating from normal compulsory school without receiving any graduation grades in any subject was 1.23 (95% CI 0.95-1.58). In Table 5 , the distribution of school grades in six different school subjects (mathematics, Swedish, natural sciences, social sciences, handicraft, and physical education) when graduating from compulsory school are shown. Nearly all school children who had Apgar scores less than 7 at 5 minutes after birth showed an increased risk of graduating from compulsory school without graduation grades in that specific subject or receiving the lowest possible grades (not passed or grade 1 or 2). When graduating from compulsory school, the odds of not receiving a grade in the core subject Swedish language was 50% higher among those who had an Apgar score less than 7 at 5 minutes after birth. Furthermore, as shown in Table 5 , in nearly all school subjects, those who had Apgar scores less than 7 at 5 minutes after birth showed a lower probability of receiving higher grades (passed with distinction, passed with excellence, or grade 4 or 5) than those who had Apgar score more than 7 at 5 minutes after birth. When graduating from compulsory school, the odds of having the highest grade (passed with excellence or grade 5) in the core subject Swedish language was 15% lower among those who had Apgar score less than 7 at 5 minutes after birth. As specified, the distribution of grades in mathematics was only analyzed during period two, during which only one combined course in mathematics was offered. During period one, the adolescents could Data are n (%). * Percentages were based on records for which maternal educational level and smoking were known.
choose between a common or advanced course in mathematics. During period one, the adolescents with Apgar score less than 7 at 5 minutes after birth showed a higher risk of graduating without a grade in advanced math (OR 1.14, 95% CI 1.08 -1.21), assumingly because they were more prone to choose common mathematics.
DISCUSSION
The results from our study, comprising 877,618 deliveries, show an association between an Apgar score less than 7 at 5 minutes after birth and long-term cognitive function. Individuals who had Apgar score less than 7 at 5 minutes after birth were approximately twice as likely to lack graduation grades from compulsory school, presumably reflecting placement in a special school because of cognitive impairment or other special educational needs. As many as 1 out of 44 individuals who had an Apgar score less than 7 at 5 minutes after birth will need education in a special school because of antenatal or perinatal factors that caused the low Apgar score. Also, among adolescents for whom school records were obtainable, in nearly all school subjects, individuals who had Apgar scores less than 7 at 5 minutes after birth showed an increased risk of graduating from compulsory school without graduation grades in that specific subject or receiving the lowest possible grade. Furthermore, for almost all school subjects, the odds of having the highest grade (passed with excellence or grade 5) was significantly lower among adolescents who had Apgar scores less than 7 at 5 minutes after birth.
As shown in Table 4 , it is evident that newborns with Apgar scores 7 or 8 at 5 minutes after birth were more likely to need education in special schools as compared with newborns with Apgar score 9 or 10 at 5 minutes after birth. Thus, the results suggest that the negative association between Apgar scores and need of education in special school is not just valid for strongly asphyxiated newborns, and conditions that mildly influence the Apgar scores could have an effect on future cognitive capacities. Furthermore, our results revealed a stronger association between the need for education in a special school and an Apgar score less than 7 at 5 minutes after birth than the association between the need of education in a special school after receiving the diagnosis neonatal asphyxia. However, it must be kept in mind that our results are based on the diagnoses registered in the Medical Birth Registry, and some diagnosis could be missing. We chose to investigate the association between a low Apgar score at birth and performance in theoretical subjects (mathematics, Swedish language, natural science, and social science), practical subjects (handicraft) and physical education, postulating that these subjects would mirror the individual's cognitive, fine motor, and gross motor skills, respectively. Interestingly, an association between a low 5-minute Apgar score and school grades at 16 years of age was found irrespective of school subject, suggesting a general cerebral engagement. The long-term predictive value of a low Apgar score has been a matter of discussion, and different authors have showed diverging results. Few studies, however, have a follow-up time longer than 10 years. Misra et al 19 studied 64 asphyxiated term newborns (defined as Apgar score less than 6 at 5 minutes) and 90 control newborns. At 3, 7, and 11 months of follow-up, the neurodevelopmental outcomes of newborns whose 5-minute Apgar scores were less than 6 were similar to those of the control newborns. 19 In a study of 111 newborns, a 5-minute Apgar score less than 7 has not been shown to predict developmental dysfunction at 5 years of age. 20 However, a low Apgar score at 5 minutes has been associated with late speech development at 18 months of age 21 and at the age of 6 to 7 years. 22 A Norwegian study on 727 children with 5-minute Apgar scores of 0 -3 and neonatal symptoms during the first week of life showed a sevenfold increased risk of need for extra resources in kindergarten, a threefold increased risk of intervention at school, nearly sixfold need for follow-up by a child psychologist, and nearly fourfold the need for follow-up by the special resource center for children with educational or behavioral problems. 23 These studies all have been small. However, a somewhat larger study (Nϭ1,942) found a poor correlation between intelligence test scoring at 17 years of age and a low 5-minute Apgar score. 24 This study has a long follow-up time and addresses the long-term effects of a low 5-minute Apgar score. Previous studies might not have had enough statistical power to detect small differences in cognitive outcome. A limitation to our study was that maternal substance abuse, maternal medical conditions, and socioeconomic status cannot be adjusted for. However, we have adjusted for maternal smoking and maternal educational level. One should keep in mind that the school grades do not necessarily measure cognitive skills; they could also reflect behavioral problems. Even if the association between a low Apgar score at birth and poor school performance in adolescence to some extent could be attributable to behavioral problems, that would not change the fact that Apgar score at birth is a powerful marker of neonatal health and effect on future academic achievements. Our results show a strong association between low 5-minute Apgar scores and future cognitive function and are a useful tool in the assessment of obstetric care. 
